The production of charged Higgs boson pair from gluongluon fusion is studied in the minimal supersymmetric model(MSSM) at proton-proton colliders. We find that the contribution of the scalar quark loops to the subprocess production rate is obvious and consequently the production rates in proton-proton colliders is enhanced in the MSSM if there exist scalar quarks with favorable masses. The results show that this cross section may reach a few femptobarn in the future LHC collider with the possible parameters. PACS number(s): 14.80. Cp, 12.15.Lk, 12.60.Jv 
1.Introduction
The Minimal Standard Model(MSM) [1] [2], a gauge theory based on SU (3) Like the general two-Higgs-doublet model(THDM), the Minimal Supersymmetric Standard Model(MSSM) requires also two SU(2) doublets to give masses to up and down quarks [3] [4] .
Since both models contain the same Higgs sector structure, it is of interest to determine whether THDM or MSSM Higgs sector would be appeared in future experiments.
At the future colliders, there are several mechanisms which can produce charged Higgs bosons. Among them the charged Higgs boson pair productions via gluon-gluon collision, quark-antiquark annihilation and γγ collision, play a significant role in studying charged Higgs bosons. Similar to the neutral Higgs pair production process in hadron colliders, the charged Higgs pair production process also involves Higgs sector interactions, therefore the measurement of these kinds of couplings could be a good test of our theory. Recently T. Plehn, M. Spira and P.M. Zerwas provided the calculations of pair production of neutral Higgs particles in gluon-gluon collisions in MSSM [5] and charged Higgs boson pair production at NLC in γγ modes are also investigated in references [6] . The charged Higgs boson pair production via gluon-gluon fusion in general THDM is also represented in Ref. [7] . In this reference, it is concluded that the production rate of this process in THDM is not sensitive to the neutral Higgs boson masses and the couplings of self interactions of Higgs bosons, but it is strongly related to the couplings of the charged Higgs boson to quarks. Scott.S.D.
Willenbrock discussed the charged Higgs boson pair production via gluon fusion in MSSM in
Ref. [9] . He showed that the gluon fusion via quark and scalar-quark loops would dominate the usual electroweak quark pair annihilation process if there exist sufficiently heavy quarks or scalar-quarks. In his work, he took some approximations, such as the large quark and squark mass limits, i.e., m 2 q (m 2 q ) >>ŝ, in numerical calculation.
In this paper we concentrate on the capability of the charged Higgs boson pair production via gluon-gluon collisions at pp colliders in frame of MSSM without the approximations used in reference [9] . The paper is organized as follows: The analytical evaluations are given in section 2. In section 3 there are numerical results, discussion and a short summary. Finally the explicit expressions of the relevant form factors induced by the supersymmetric quark loop diagrams are collected in Appendix.
2.Calculation
The MSSM theory gives a large number of parameters, since it predicts more than dou-bling the MSM spectrum of particle states. The number of the parameters can be reduced largely by embedding the low-energy supersymmetric theory into a grand unified(GUT) framework. Besides the parameters which can be achieved in supergravity model [8] , we need extra parameters to describe the Higgs sector: one Higgs mass parameter and the two vacuum expectation values of the neutral Higgs fields. We can also use tan β =
, the ratio of the vacuum expectation values of the two-Higgs-doublet fields which break the electroweak symmetry. If we ignore the flavor mixing, the mass matrix of a scalar quark takes the following form [10] :
hereq L andq R are the current eigenstates and for the up-type scalar quarks,
for the down-type scalar quarks,
where Q q is the charge of the scalar quark,M 
The mass eigenstatesq 1 andq 2 are related to the current eigenstatesq L andq R bỹ
and
The masses ofq 1 andq 2 are (m
In the evaluation we neglected the first SUSY generation mixing angle, whereas in the second SUSY generation we took sin θ q = 0.2, and let the third SUSY generation has the mixing with sin θ q ≈ In this paper we follow the notations in reference [7] that p 1 , p 2 , p 3 and p 4 represent the four-momenta of the final charged Higgs bosons and the initial gluons, respectively. We write the corresponding matrix element for each of the diagrams in Fig.1 in the form as
We denote A k (k=1,2) as the color factors of the diagrams with and without gluon-gluonsquark-squark quartic vertex respectively and it can be expressed as
In above equations I is a 3 × 3 unit matrix. g s is the strong coupling constant and The total matrix element of subprocess gg → H + H − in MSSM can be expressed as
where M T HDM represents the summation of the amplitudes of the THDM part and M SU SY is the total amplitudes of squark-loop diagrams.
Then we can split each form factor appeared in total matrix element up into two parts.
where f one can find them in reference [7] . The total cross section for subprocess gg → H + H − can finally be written in the formσ
where|M| 2 is the initial spin and color averaged matrix element squared andt
β H ± . The total cross section for the charged Higgs pair production through gluongluon fusion in proton-proton collisions can be obtained by integrating theσ over the gluon luminosity.
where √ s and √ŝ denote the proton-proton and gluon-gluon c.m. energies respectively and dLgg dτ is the gluon luminosity, which is defined as
Here we used τ = x 1 x 2 , and one can find the definitions of x 1 and x 2 in Ref. [7] . In our calculation we adopt the MRS set G parton distribution function F g (x) [13] , and ignore the supersymmetric QCD corrections to the parton distribution functions for simplicity. The numerical calculation is carried out for the LHC at the energy around 10 ∼ 14T eV .
Numerical results and discussion
For the numerical evolution we take the input parameters [14] . We adopt a simple one-loop formula for the running strong coupling constant α s as 
The cross sections of the subprocess gg → H + H − with m H ± = 150 GeV are depicted in Fig.2(1) , on the conditions of the mass values of squarks as mentioned above. In this figure, the small peak around √ŝ ∼ 350 GeV of each curve originates from the resonance effect, where √ŝ ∼ 2m t and √ŝ ∼ 2mt 1 are satisfied. Around √ŝ ∼ 800 GeV , there is another higher peak for each curve, which comes from the enhancement of the resonance effects where the c.m. energy of gluon-gluon system is located at √ŝ ∼ 2mt 2 ∼ 800 GeV and √ŝ ∼ 2mb 1 ∼ 800 GeV . Fig.2(2) shows the cross section of this subprocess as the functions of c.m. energy of incoming gluons with the same neutral Higgs boson, quark and squark masses as in Fig.2(1) , but m H ± = 300 GeV . In Fig.2(2) again the resonance effects of the squarks are obvious at the position near √ŝ ∼ 800 GeV .
The dependence of the subprocess cross section to the ratio of vacuum expectation values, is plotted in Fig.3 with m H + = 150GeV . The two curves correspond to √ŝ = 400GeV and √ŝ = 800GeV , respectively. They all have the minimal cross sections when tan β is around 6.5. The figure shows that the cross section of the subprocess increases when the √ŝ goes up from 400 GeV to 800 GeV . The dependence of the subprocess cross section to the mass of charged Higgs bosons is shown in Fig.4 with √ŝ = 1T eV . The cross section increases in the region where the charged Higgs boson mass has the value approximately larger than ∼ 300 GeV . That is because when the value of the the charged Higgs boson mass approaches 1 2 √ŝ = 500 GeV , the production rate will be enhanced by the threshold effect, but when the mass of charged Higgs boson is very close to 500GeV , the cross section drops down quickly due to the phase space suppression. The cross sections of process pp → gg → H + H − + X in the LHC energy regions in both MSSM and THDM are depicted in Fig.5(1∼2) . The charged
Higgs boson pair production rates in MSSM are read to be about 1.9 to 5.2 femptobarn at the LHC energy regions when m H + = 150GeV . With the heavier charged Higgs mass, the production rate will be smaller. The production rates in the MSSM are higher than those in the THDM with the same parameters. In our calculation, we also find that among the squark-loop diagrams, the third generation squarks make the decisive contribution, while the contribution from the other squarks is rather small comparatively due to the decoupling of the heavy squarks.
In conclusion, we investigated the pair production process of charged 
Appendix
The form factors involved in equation (8) are presented explicitly as:
The coupling constants are obtained by converting Feynman rules for Xqq(where X is a oneor two-particle state) from theq L −q R basis, their Feynman rules can be found in Ref. [17] , to theq 1 −q 2 basis. For the converting formulae one can refer to reference [4] .
In above expressions we adopted the definitions of one-loop integral functions in reference 
